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0 In a portable radio telephone apparatus, a de- 
sired one of interchangeable battery paclcs (2) is 
mounted. Each battery pack (2) contains a rechar- 
geable battery (24) of a particular ampere-hour rating 
and a switch (23) for Mentifying the ampere-hour 
rating of the battery being used. In one embodiment, 
multiple charging circuits (31. 32) are selectiVeiy 
connected to the battery in accordance with the 
identification given by the switch for charging it with 
a cunent that is optimum for the battery's ampere- 
hour rating, in another embodiment the charging 
circuit includes a switching regulator circuit for gen- 
erating a charging voltage that can be varied in 
accordance with a control signal appfied thereto. The 

a control signal Is derived by detecting a difference 
between the charging voltage and a reference volt- 
^age. The switching regulator controls the charging 
Q)voltage so that the voltage difference reduces to 
fSrero. 
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Portable Apparatus WHh Variable Rating Battery Charger For Recharging Interchangeable Battery 

Packs 



Thte invention relates to a portable apparatus 
such as radio telephone having a provision for 
carrying interdiangeabie rechargeable battery 
packs. 

In a known radio telephone apparatus, rechar* 
geable batteries of different ampere-hour ratings 
can be mounted to meet user's specific needs. For 
example, a battery with low ampere-hour rating is 
used for short-term use and one with high ampere- 
hour rating for iong-tenn use. A battery charger is 
also mounted in the apparatus to recharge the 
battery when battery voltage drops belcw a speci- 
fied level. However, the charger is designed to 
deliver a current that is optimum only for the bat- 
tery with the lowest ampere-hour rating. Therefore, 
the time taken to charge the other batteries in- 
creases witti their ratings and would become bn- 
practicaily long with the battery of the highest 
amp^e-hour rating. 

It is therefore an object of the present invention 
to provide a portable apparatus powered with a 
rechargeable battery of a desired ampere-hour rat- 
ing and provided with a battery charger that 
charges the mounted battery with a current that is 
optimum for any of the batteries that can be used 
with the apparatus. 

According to the present invention, the portable 
apparatus comprises means for mounting one of a 
plurality of interchangeat>le battery packs in the 
apparatus. The battery packs respectively contain 
rechargeable batteries of different ampere hour rat- 
ings. The battery of the mounted battery pack Is 
charged with an optimum current that is deter- 
mined by the ampere hour rating of the charged 
t)attery. 

In a first preferred form of the present inven- 
tion, each of the interchangeable battery packs 
includes means for identifying the ampere hour 
rating of the battery contained therein* and the 
charging means includes a plurality of charging 
circuits connected to the battery of the mounted 
pack in response to the klentifying means, each of 
the charging drcuits generating different currents 
respectively in accordance with the cfifferent am- 
pere hour ratings. 

In a second prefened fonn of the inventton, the 
charging circuit includes a switching regulator cir- 
cuit for deriving a variable charging voltage from an 
external voltage in accordance with a control signal 
applied thereto, and a control circuit for detecting a 
difference t)etween the variable voltage and a refer- 
ence voltage and applying the difference as the 
control signal to the switching regulator so that the 
difference reduces substantially to zero. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will be described in fur- 
5 ther detail with reference to the accompanying 
drawingSa,in which: 

Rg. 1 is a dmuit diagram of a radio tele- 
phone apparatus according to a first embocfiment 
of the present invention; and 
10 Fig. 2 is a dnsjit diagram of a radio tele- 

phone apparatus according to a second embodi- 
ment of the present invention. 
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DETAILED DESCRIPTION 



Refening now to Fig. 1. there is shown a radio 

20 telephone apparatus according to a first embodi- 
ment of the present invention. The apparatus in- 
cludes a radio telephone circuit 1 that is coupled 
through a power tenninal 11 to the moving contact 
aim of a manually operated power switch 4. In the 

25 illustrated embodiment, the power switch 4 has two 
positions; an "E)CrERNAL MODE" tenninal which 
is connected to the positive terminal 5 of an exter- 
nal voltage source 51 when the apparatus Is being 
recharged and an "INTERNAL MODE* tenminal 

30 which is connected to the positive ternvnal 21 of an 
Internal rechargeable battery pack 2 when the ap- 
paratus is field use. Battery pack 2 includes a 
manually operated switch 23 and a battery 24 
which may be of 2-AH (ampere-hour) or a 4-AH 

35 rating, for example. Switch 23 has 2- and 4-AH 
positkHis which respecth/ely present an open-circuit 
condifion and a short-circuit condhion to a sense 
terminal 22 to which the ^put of a control circuit 6 
is connected. 

40 A charging circuit 3 is connected between the 
positive terminal 5 of the external voltage source 
and the positive terminal 21 of the battery pack 2 
for charging the battery 24. Charging drcuit 3 
includes a 2-AH charger 31 which provides charg- 

45 ing at a rate that is optimum for 2-AH batteries and 
a 4-AH charger 32 which provides charging at a 
rate optimum for 4-AH batteries. Typically, the opti- 
mum current value for charging 2-AH batteries is 
1.2 amperes with a charging lime of 100 minutes 

50 and the optimum cunrent value for charging 4-AH 
batteries is 2.4 amperes with the same charging 
time as 2-AH ttatteries. 

• The output tarmlnais of the chargers 31 and 32 
are connected together to the positive tenninal 21 
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of the battery pack Z The Input terminals of the 
chargers 31 and 32 are connected respectively to 
stationary contacts 89) of a relay 65 having a 
winding 65a provided in the control circuit 6, the 
moving arm of the relay contacts 65b being con- 
nected to the positive terminal 5 of the external 
voltage source. 

Control drcuH 6 compnses a transistor 61 whh 
the emitter being connected to ground and the 
collector being connected through the relay wind- 
ing 65a to the posith^ terminal 5. The base of 
transistor 61 is biased at the voltage at a Junction 
between resistors 62 and 63 wWch are connected 
tn sertes between the sense terminal 22 and 
ground and further connected in series to a resistor 
64 through which the voltage at the external posi- 
tive terminaf 5 Is supplied. 

When charging a 2-AH battery pack, switch 4 
Is connected to the "EXTERNAL MODE" position, 
coupfing the radio telephone circuit 1 to receive 
power from the external voltage source 51 to allow 
radio communica6on to proceed during the time 
the battery pack 2 is being recharged. Switch 23 Is 
connected to the 2-AH po^on. presenting an 
open-circuit condition to the sense terminal 22. 
Thus« transistor 61 is automatically turned on. en- 
ergizing the relay winding 65a to switch the relay 
contact 65b to the 2-AH position. Voltage at the 
external positive tenntnai 5 is applied to the 2-AH 
charger 31. The 2-AH battery 24 is therefore re- 
charged with an optimum current of 1.2 amperes 
that fully charges the battery wrthfti 100 minutes. 

When charging a 4-AH battery, switch 4 re- 
mains connected to the "EXTERNAL MODE" posi- 
tion, and switch 23 is turned to the 4-AH position, 
presenting a short-circuit condition to the sense 
terminal 22. Transistor 61 is automatically turned 
off, deenergizing the relay winding 65a. The volt- 
age at the external posithre terminal 5 Is switched 
to the 4-AH charger 32 that recharges a 4-AH 
battery 24 with a current of 2.4 amperes which 
completes the recharging operation within 100 min- 
utes. 

An alternative fonn of the charging drcuit 3 is 
Illustrated in Rg. 2. This charging circuit comprises 
a switching regulator 33 of the type ttiat generates 
a desired charging voltage by chopping a current 
from the external source 51 into constant-wMth 
pulses of a controlled frequency which is deter- 
mined by a control signal from a controller 37 or by 
chopping it into constant-frequency pulses of a 
controlled duration determined by the control sig- 
nal. The output of switching regulator 33 is applied 
to the positive terminal 21 of baUery pack 2 as a 
charging voltage and further to one input of a 
comparator 36. To the other input of comparator 36 
is supplied a partk:ular reference voltage from a 
reference circuit 35 which determines the reference 



voltage In response to a circuit condition at the 
sense terminal 22. The output of comparator 36 
represents a cfifference between the voltage sup- 
plied to the battery pack 2 and the reference volt- 

5 age determined by the ampere-hour rating of the 
battery befaig used. Controller 37 responds to the 
output of comparator 36 by generating the control 
signal so that the difference between the voltages 
applied to the comparator 36 reduces to substan- 

10 tlally zero. In this way, the charging voltage from 
switching regulator 33 Is automatically controlled in 
accordance with the ampere-hour setting of switch 
23. 

The foregoing description shows only preferred 

75 embodiments of the present Invention. Various 
modifications are apparent to those skilled in the 
art without departing from the scope of the present 
invention whk:h is only limited by the appended 
claims. Therefore, the embodiments shown and 

20 described are only illustrative, not restrictive. 



Claims 

25 1. A portable apparatus in which one of a 
pluranty of interchangeable battery packs is moun- 
ted, said battery packs respectively containing re- 
chargeable batteries of different ampere-hour rat- 
ings, comprising means for charging the battery of 
30 said mounted battery pack with an optimum current 
that Is detennlned by the ampere hour rating of the 
charged battery. 

2. A portable apparatus as claimed in claim -1. 
wherein each of said Interchangeable battery packs 

35 includes means for Identifying the ampere hour 
rating of the t>attery contained therein, and wherein 
said charging means includes a plurality of charg- 
ing drcuits selectively connected to said battery of 
the mounted pack in response to said Identifying 

40 means, each of said charging circuits generating 
different currents respectively in accordance with 
said different ampere hour ratings. 

3. A portable apparatus as claimed in claim* 1, 
wherein each of said interchangeable battery packs 

45 includes means for identifying tiie ampere-hour rat- 
ing of the battery contained therein, and wherein 
said cftarging mear^s includes: 
means for deriving a variai>}e voltage from an ex- 
ternal voltage in accordance with a control signal 

so applied thereto and supplying said variable voltage 
to the battery of said mounted pack: and 
means for detectir^ a difference between said vari- 
able voltage and a reference voltage and applying 
said difference as said control signal to said derive 

55 ing means so tiiat said differsnce reduces saubstan- 
tiaily to zero. 
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4. A portable apparatus as claimed In any of 
claims 1 to 3. wherein said apparatus is a radio 
teleplione apparatus. 
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